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I ITTP OPUCTInN

Alpha quartz has been employed for many years as

crystal oscillators and crystal filters. More recent

applications for alpha quartz include emplovment as hiph 0

resonators in SAW devices and as narrow bandpass optical

filters in the near ultraviolet repion of the spectrum.

As technologies improve, two natural developments occur.

One is the better or more efficient utilization of the

component materials and the other is the discovery of new

potential uses for component parts. Both of these develop-

ments require a high degree of reliability in the component

materials employed. The comionent's reliability is impor-

tant especially with respect to the reproducibilitv of its

desired Dhysical properties.

Two properties of high interest are the frequency

stability of quartz resonators in radiation fields and the

. inherent mechanical strength of htgh freeuencv, hiph pre-

cision large surface area resonators. It is important to

be able to confidently process alpha quartz into resonators

which will exhibit the desired performance requirements.

Data Fathered over a period of years show that resonators

fabricated from low etch channel density quartz have

superior mechanical strenpth than those fabricated From

higher channel densitv quartz.(1) Also, if low etch

channel density alpha quartz can be routinelv produced,

,°o



then cheTrical etchinp or polishinp techniques can replace

certain mecbanical lapvlnp, procedujres which would greatly

reduce the number of manipulative transfers. This would

allow the greater employment of photolithographic tech-

niques in blank manufacture. It would also allow for the

production of a preater variety of blank peometries which

would be difficult to produce by mechanical means. Pres-

ently, only 337 of natural alpha quartz processed for large

surface aren blanks result in usahle resonators. Therefore,

considerable time and effort must be expended to produce a

given supply of blanks which meet the desired performance

requirements. The same statement can be made for alpha

quartz resonators examined for their frequency stability

in radiation fields. Presently, no material is routinely

available that will consistently withstand exposure to

high radiation levels. (2-6)

Therefore, the purpose of this program is the develop-

ment of a manufacturing method that will produce cultured

quartz of such a quality that it will exhibit little or no

frequency shifts when exposed to continuous hiph radiation

fields and that the cultured quartz possess a sufficiently

low etch channel density so that it may be routinely fab-

ricated into large surface area resonators capable of

withstanding, a hiph level of shock.

To meet these objectives, the initial investigations

2
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during the first phase of this program centered upon the

variables associated with the hydrothermal growth of alpha

quartz. It is useful to break the factors that affect the

* - 'growth of high purity, low etch channel density quartz into

two broad categories: process and component variables. The

process variables are those that deal more with the macro-

scopic considerations during a growth run, such as thermal

programming and thermal gradient. These variables have been

discussed elsewhere and served as the basis For the inves-

tigation of the effect of changes in the component variables

on the growth of quartz. 7 ) The component variables deal

*more with the microscopic considerations during a growth run,

such as the nature and the purity of the mrineralizer, the

quality and the preparation of the seeds and the quality of

the nutrient.

The effect of changes in these component variables and

-their effect upon the quality of the as-grown nuartz were

assessed by eTploying standard characterization procedures

for all runs.

3



IT. STANDARD CIHAPICTFRIZATTON PPOCEDITRES

The standard characterization procedures enploved can

be divided into two broad categories: pregrowth and Dost-

growth procedures.

A. Pregrowth Procedures

The three components that comprise the main variables

in any hvdrothermal growth run are the nutrient source, the

seeds errploved, and the mineralizer.

1.0 1,Tutrient Sources

To date, four different nutrient sources have been

examined in our growth runs:

(1) Natural Alpha Quartz (N)

(2) Cultured Alpha Quartz (C)

(3) Special Alpha Cuartz (S)

(4) Converted Classy Quartz (C)

The quality of these nutrient supplies were assessed

by atomic absorption spectroscopy. The data on the impurity

levels found in these nutrients are shown in Table 1. The

converted nutrient was nroduced by sealing the high purity

amorphous quartz in a silver liner with 0.IN sodium hvdroxidei(8)

This process converts the plassy quartz into alpha quartz

4



which is then capable of being used as a nutrient source.

In this table, the high concentration of sodium listed for

the converted nutrient was probably due to the occlusion of

some mineralizer in the sample analyzed. As will be shown

later, this did not affect the purity of the as-prown

crystals produced from this nutrient. The cultured nutrient

was prepared from crystals growm from natural quartz nutrient.

These crystals were then frapmented and used as nutrient.

The special nutrient was prepared from selected cr-:stnllized

cultured nutrient. The data in this table show that very

pure nutrient can he prenared either by a conversion process

or by cultured nutrient selection. Py these conversion and

selection processes the impuritv levels in the nutrient

supply can be reduced fro the 40 ppm range to the 32 ppm

range.

2.0 Yineralizers

One of the goals of this program is to develop the

manufacturing technolopy for the growth of high purity - low

etch channel density alpha quartz from either the sodiur

hydroxide or the sodium carbonate mineralizer. Therefore,

growth runs have been completed utilizing both mineralizers

during this phase of the contract. The mineralizer solutions

were analyzed for their starting purlty with respect to sore

of the same elements as the nutrient sources. These data

are shown in Table 2. The mineralizers were of eniuivalent

reagent grade quality with neither showing an unexpected

5



Impurity level nor a slpnificant difference in levels

between them.

3.0 Selection and Preparation of Seeds

In order to determine tic effects of seed preparation

procedures on the quality of the crystals grown from these

seeds, for the most part, only high 0 (2.4xl6) and low

etch channel density seeds (111cm-2) were employed. These

seeds were 0 °Y and each seed possessed good x-ray orientation.

In some of the growth runs seeds were employed which were cut

from bars that had been electrically swept. All seeds were

inspected with a polariscope in order to determine whether

or not any strain was present. In the few instances when

strain was detected in a seed, the location of the strained

area was recorded and the seed was mounted in the growth rack

so that it could be properly identified and the as-grown

crystal separated upon conclusion of the hydrothermal growth

run. During these early growth runs, some seeds were also

cut from the plus X region of an as-grown crystal and these

seeds were then oriented as a pure Z 0 X seed.

Three different etching solutions were employed for

seed preparations:

(1) 7.0 molal ammonium hifluoride,

(2) 487 hydrofluoric acid,

(3) 407 ammonium fluoride + 487 hydrofluoric acid.

6
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All three etchants have been used primarily to etch

seeds for five and ten minutes, respectively, at room

temperature. The ammonium bifluoride etchant, however,

has been employed to etch seeds up to 30 minutes in five

minute intervals. The third etchant solution listed above

was the only etchant used at elevated temperatures and

extended etching times. The purpose for this was to attemypt

to produce chemically polished transparent seeds.

B. Postgrowth Procedures

All the crystals grown in each growth run were inspected

* individually. The dimensions, and visual perfection of each

crystal were recorded, as well as, the weipht of the crystals

on a tier by tier basis. Pependinp upon the number of seed

preparation variables employed in a given run, crystals were

then selected for Q and etch channel density analyses. Sample

preparation for both Q and p determinations was identical.

Y-cut and AT-cut slices were removed from each selected single

crystal. The slices were cut to a thickness of 6.35mm and

then these slices were consecutively lapped with 25 micron

and 3 micron aluminum oxide abrasives to a final thicknes, :f

6.0Omm.

1.0 Q Determinations

A Beckman ACTA MIV spectrophot-oreter was employed for

the Q determinations with a wavelenpth accuracy and resolution

7
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better than 2.5nm and ].2nrm respectively. The equation used

for this determination was:

10 -0.45a2 + 7.47a + 0.114 (2631.6 & 2857.lnm)

In order to properly characterize the Q of the as-grown

quartz, the sample should be linearly translated through the

beam so that a complete profile along the 7 axis is obtained.

?.0 Etch Channel Density Determinations

The etchant solution chosen was ammonium bifluoride.

This solution was chosen because an experimental base was

already developed independently. The length of etch was

fixed at two hours at a temperature of 75 0 C. Variables that

still had to be determined were the concentration of the

ammonlum bifluoride, the nurber of 'AT' slices to be etched

per solution volume, and the expected variation of the etch

channel density within a crystal, as well as, within a growth

run.

M'ultiple 'AT' slices were cut and Inpped from three

stores which had previously exhibited high etch channel den-

sities. Two slices from each stone were etched with different

concentrations of ammonium bifluoride under the same time and

temperature conditions above (Figure 1). These data indicated

that a relatively constant etch channel density was obtained

with a solution concentration of 24 molal. It was also noted

that a larpe change in channel density occurred in all three

8
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samples between the etchings performed at 9 and 12 molal

ammonium bifluoride. Since the solutions were always

agitated during the etching process, it was not thought that

the change in density was related to a change between diffusion

controlled and reaction controlled 1inetlcs.

Tn order to determine the change in etch channel density

within an as-grown crystal and within the growth zone, crvstal.s

were selected from an earlier Prowth run which had exhibited a

high etch channel density from prior analysis. Multiple slices

from a test crystal In the top tier were cut and lapped along

with a slice from a crystal fro; the bottom tier of the growth

zone. All ten slices were then etched at the same time and

the channel densities deternrined. Table 3 contains these data.

The slices from the top test crvstal were nun'bered consecutively

fror one end of the crystal to the other. Seven of the nine

density determinations were within one standard deviation of the

average value for the top test crystal. The etch channel den-

sity of the slice from the bottom test crystal co.mared quite

favorably with both the average p of the top test crystal and

the value at the same position (which could be either position

Ki #1 or #9 of the top test). Fipure 2 is a graphical representa-L tion of these data. InterestIngIv, if one looks at the values

from the opposite ends of the ton test, there is even a bettar

correlation between values. That is, it appears as if theL channel densities can he paired, such as fl .nd a ,n o .4'2 and 11,

etc. The only value that does not fit this is that Treasured

;k..
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on slice 116. The indication is that there way be a twofold

nxis with respect to channel density. Our main interest here,

however, was to develop confidence that a particular slice

from an as-grown crystal would sufficiently characterize the

quality of most crystals grown in a narticular growth run with

respect to p. The data, to date, do indicate that a slice from

a crystal would serve as n reasonable indication of the average

etch channel density in n run. Also, this allowed us a preater

degree of freedom in the location and nurber of seeds, which

were prepared by different means, that could be used in a

prticular prowth run.

The last variable in the etchinp process that had to be

* deterrrined was the number of samples that could be etched per

unit of solution and obtain repeatable etch channel densities.

Apain multipl.e slices were cut from three crystals and these

slices were lapped and then etched in 0.5 liters of 24. molal

ammoniu' bifluoride. The number of slices was varied from 4

to 15 per load. To reach the prescribed sample numbers ner

load, dummy slices were added to the solutions. These dummy

slices were equivalent Y-ctit !-lices that had been through an

equivalent stage of the test procedure. Table 4 contains these

data. These data indicate that up to 8 slices can be etched at

one time in the standardized solution without affecting any

significant change in p between the slices from the same

crysta], l.ess consistent etch channel densitie w.ere found at

10
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the 15 sample loading when corared to the determinations on

the respective crystals at the other sample loadings. A

summary of the corplete etching procedure that is being

employed during this investipation is shown in Table 5.

3.0 Electrical Sweeping

Crystals which served as seed raterial for some runs were

electrically swept. In addition, aFter postgrowth analyses of

a run were com)leted, crvstals were selected for fabrication

into bars for electrical sweeping runs. Figure 3 is a sche-

matic of the sweeping arrangement employed. This arrangement

was modeled after that described by Lipson et al. The

electric field employed during these runs ranped between 1.0 to

2.5 KV/cm,. The sweeping terperature was maintained at 5000C

and platinum electrodes were used. All sweeping runs were

conducted in air. The data pathered during these runs coin-

cided with the published results of Brown et al.(l)

11



III RESIrLTS ANY ITSCUSSIOM!S

To date thirteen hydrothermal growth runs have been

completed. Of these, bars from eleven of these runs have

been subritted for fabrication into either AT or SC blanks

and some of these bars were electrically swept. Two of these

thirteen rims have just completed their prowth cycles and

only growth run data have been completed. One of these runs

,ilti(*.d :m,'i rcarlon:ale as the rdneralizer (CC-I?) and the

other soditmi hydroxide (rcC-13). In order to discuss the

results of these runs in n reasonable manner, it s necessary

to divide the runs into three groups: those conducted in a

larpe autoclave with Na 2 CO 3-; those conducted in a large auto-

clave with NaOIT and those conducted in a small autoclave with

NaOH. Tables 6-8 list the growth run data collected on these

runs by vessel category. These tables contain the important

pressure-temperature, therTal gradient and dimensional data

recorded for each growth run. Also, the nutrient type is

listed for each run in these tables. What is not listed is

the Q and p data determined on selected sample crystals

analyzed in each run. These data will be presented when the

effect of seed preparation procedures on the growth of the

crystals are discussed.

Columns three and four, in these tables, list the average

crystallization temperature qn! the averape thermal pradient,

respectively, employed for each prowth run. The last column

1?
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in each table contains the type of nutrient emploved for the

.1 particular run. The renlaining columns deal with the average

7 dimension and its standard deviation, the 7 rate and the 7

range for each run as determined by the measurement of all

crystals grown in the run. The 7 range has not been listed

for the runs conducted in the experimental vessel because

the number of crystals grown per run was small.

Comlparison of the data in Tables 6 and 7 sho ,s that the

average 7 growth rate in the hydroxide mineralizer runs was

approximately 50% higher than the average 7 Frowth rate in

the carbonate mineralizer runs. This calculation was done by

neglecting run CC5 which contained a different seed loading

compared to the rest of the runs listed in Table 7. However,

the average variation in 7 dimension, as measured by the

standard deviation was, ?n% less than the average standard

deviation in the carbonate runs. This indicates a better

uniformity of growth was obtained in the hydroxide mineralizer

Sgrowth runs. The Z ranpe was found hv subtracting the longest

Z dimension crystal from the smallest in the same run. In

this case, an 87, greater variation was found in the hydroxide

mineralizer runs. However, since there were 2r more crvstals

grown in these hydroxide runs when compared to the carbonate

runs, it is evident that the 7 dimension range is not as

sipnificant as the average 7 value and its standard deviation.

13
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The runs conducted in the small autoclave must be con-

sidered as a separate group because this vessel was employed

to study more closely the effect of nutrient qualitv and

special seed preparation and selection techniques in addition

to those listed in Section 3.0 of the Standard Characteriza-

tion Procedures. Three of the four runs listed in Table 8

were conducted under similar conditions and can be considered

one proup. One run in this table (C(C7) is unique. The

vcrape "/ growth rate of the ,roup (.84mm/dav) was 8' greater

than the IIaOH group listed in Table 7 and 65. preater than

the Na2CO3 group listed in Table 6. Yet, as will be shown

below, the n values of this group were consistently over 2xl1 6

which was not the case in the other groups, especially the

carbonate runs.

.e results of the prowth runs conducted in the experi-

mental vessel with respect to Q. p and i.muritv levels are

shown in Tables 0 and 10. Table 9 contains data pertaining

to the variation of n and F, with resnect to seed nualitv and

preparation. The seeds employed in runs CC2 and CC, were

etched for five minutes in 7.0 nolal ammonium bifluoride. In

CC4, the seeds were cut from an electrically swept pure Z 00Y

quartz bar before etching. Both of these runs employed

cultured nutrient. ClV) employed chemically polished 0oX and

specially selected quartz nutrient. Fun CC7 used nutrient

converted from optical f,r,de q~iart:- and plTus Y seeds oriented

as pure Z seeds but were of unknown quality. The data in

14



Table 9 show that neither electrically swept seeds nor

seeds cut fron the plus Y region will necessarily result in

low etch channel density as-grown crystals. Even seeds with

extremely low etch channel density, as were the electrically

swept seeds, does not guarantee a low p. The data do show,

however, that one can grow high Q alpha quartz regardless

of the Q or p of the seeds employed. Finally, there is no

correlation between the crystal Q and p as determined in

these runs. To summarize the important features of Table 9:

(1) Low p seeds do not guarantee low P crystals,

(2) Variable quality seees can grow hiph 0 crystals,

(3) No correlation is evident between crystal 0 and

and crystal ,

(4) Tigh growth rates can yield hiph Q alpha quartz

with a moderately low etch channel density.

Table 10 lists the impurity levels found in the crystals

grown in the experimental vessel runs. Sections from the

same crystals were used for this analysis that were employed

for the 0 and p data listed in Table ). One can calculate a

relative distribution coefficient for these imurities by

using the concentrations of these impurities in the as-grown

crystal to the concentrations found in the nutrient supply

used in those runs. Thet is, it was necessary to neplect the

actual concentration of these Impurities In the solution, as

well as, other sources of impurities such as the vessel wnlls,

nutrient baskets, seed racks and the mineralizer itself.

15
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The vessel components would necessarily be an additional

source of iron and the mineralizer contains substantial

amounts of sodium and lithium. Aluminum, and possibly

potassium, are the only cationic species whose major con-

centration ought to be from the nutrient supply. Strictly

speakinp, the distribution coefficient is the ratio of the

concentration of the impurity in the crystal to the concen-

tration of that ipuritv found in the solition (mineralizer).

lowever, since a l1miter! amount of analyses have been per-

formed on the mineralizers after prowth, it was necessary to

make the above assumptions. Table 11 contains these data.

These data were calculated from the data listed in Tables 1

* and 10. Some interesting results can he seen from these

data. The relative distribution coefficients for Na and Li

are both less than uity. Considering the relatively high

concentration of both of these cations in solution, this

indicates a very good rate of rejection for both species in

the as-prown crystal.. The crystals grown from the converted

nutrient yielded the lowest relative distribution coefficients

for botb cations. It should be noted that all runs were

carried out in regular unlined autoclaves.

The kM for all runs listed here was greater than or

equal to unity. I!owever, the actual ppm levels in the as-

prown crystals vere extremely loxy (<O.P ppm). Tn these runs,

this imittrity does not appear to be a major fictor. The

.- Aa. a . ....... .a °. .- . a- .. ...



ionic radius of potassium is approxirarelv 30' preater than

that of sodium with the same coordination nun-er. Therefore,

one would not expect to find a high concentration, relative
to sodium, in the quartz lattice. The last two cation im-

purities are usually considered to he sul's-titutional rather

than interstitial in the quartz lattice. The relntive dis-

tribution coefficient of aluminum was found to be considerably

less than one in all cases with the best results obtained

. utilizirp the converted nutrient. In this case, a peneral

trend in the coefficient had occurred with the successive use

of hipher quality nutrient. That is, as the ppm level of the

aluminum decreased in the nutrient source, a greater rate of

rejection in the crystal also resulted. The last impurity

element analyzed was iron. Here, varied results were obtained.

In the two instances where some form of cultured nutrient was

used, the kFe was greater than unitv and in the converted

nutrient case, k~e was 0.2. Wether this is related to the

nutrient source or related to the therral Prograrming conditions

employed hs not yet been resolved. Puns are in progress with

the special cultured nutrient under similar propramming nro-

cedures employed in OC7. What the data do show is that a

futher contamination of the crystal had occurred and this con-

tamrination is the result of the vessel itself or the steel

parts used to hold the nutlrient and the seeds. To sumimarize

the more important results of Tables Q, )0, and 11:

(1) IVigh purity quartz cryst.ils appear to he able to be

produced itili -inp either the converte'd or snecial

c.ltured nutrient,

17



(2) The Q of the crystal is not related to the total

impurity content of the crystal,

(3) A substantial rate of rejection exists for Li,

Na and Al,

(4) Etch channel density is not related to the impurity

levels,

(5) Seed preparation techniques affect channel forma-

tion but not 0.

The next group of runs that can be considered as a

group are those listed in Table 7. In these runs, a wider

variety of seed preparation techniques were employed. Pun

CC5 was done in order to establish the effect of seed prep-

aration techniques on etch channel density. In this run

seeds were either etched in ammonium bifluoride or HF from 5

to 60 minutes. Also, seeds were cut from electrically swept

bars and these were etched for 5 minutes in 7.0 molal amonium

bifluoride. Table 12 contains selected results obtained on

the crystals analyzed in this run. In this table ABF is the

aumonium bifluoride etchant and all etch times are in minutes.

These data indicated that seed preparation plays an important

role in etch channel formation and that the quality of the

seed, with respect to p, may not be a governing factor. That

is, seeds with a known low etch channel density do not neces-

sarily result in a crystal with low etch channel density. The

converse of this also appears to bt true. This run also

18



indicated that the type of etchant employed and the length

of etching time played a role in channel formation. The seed

preparation conditions employed in all runs after GC5 were

based upon the broad spectrum of results obtained in GC5.

Typical impurity levels, in ppm by weight, in (CC5 were Li:0.8;

Na:3.6; K:0.7; A1:4.6 and Fe:1.5.

In order to control the seed quality variable in the sub-

sequent runs only high f (2.342x10 6) and low etch channel

density seeds (111cm-2) were employed. Fach seed was viewed

under crossed polarizers to determine if any strained areas

were present and all seeds were 0°X. Each seed was also iden-

tified with respect to its location in each seed tier in each

run. The three etchant solutions listed in Section 3.0,

Selection and Preparation of Seeds, were employed in runs GC6,

-C9, CC11 and GCl3. Tables 13, 14 and 15 contain the data

collected on the crystals analyzed in these runs. The 44rsi in

Table 13 compare some critical parameters with respect to the

specific etching conditions employed for the seeds used to grow

the crystals that were analyzed. The average values and their

standard deviations are shown for the Z rate, 7 and T determi-

nations. The standard deviations listed in this table were

calculated using a minimum of six test samples per parameter

category. From this table it appears that the ten minute seed

etchings result in, on the average, crystals that have a higher

average I and a lower averape with a sliphtlv lower average

growth rate than the crystals grown from seeds etched for five

19

4 d

S,., % ,- .-.-.-.-.. . .. -. ... .. . . . . , . • . . . . .



rinutes. In both groupinps, it was discovered that the

amnoniurm bifluoride seed etchant resulted in the growth of

crystals which exhibited hiph ?7 and the lowest . If we

group the data by seed etchant without regard to etch time

(Table 14) we find that the crystals grown from seeds etched

in ABF have the highest average Z growth rate, high 7 and the

lowest P of any of the etchants studied in this range.

From these results ruTlS CCq and CC]l were used to grow

crystals from seeds which had extended etching tires in

aoniim bifluoride, as well as, seeds chemically polished by

the ammonium fluoride - hydrofluoric acid mixture at elevated

temperatures. Table 15 compares the results obtained through

the analysis of crystals grown from these specially prepared

seeds. These data indicate that extended etching tends to

degrade the quality of the as-grown crystal with respect to

its etch channel density. Also, the seeds that were chemically

polished resulted in the growth of crystals that exhibited

high channel density. The data in this latter case are based

upon n small number of samples analyzed. It also should be

noted that -il of the data presented so far in this report,

with one exception, was gatherrd from crystals grown from

seeds which had no evidence of strain as jueped by our polari-

scope testing. The one exception was the data collected from

the crystals analyzel in run CC7 (Table 9). The effect of

strain on etch channl density is shown in Table 16. These

data were gathered frou crystals grown from seeds that were

20



etched in 7.n molal ammonium bifluoride at roon temperature.

It is evident from these data that any strain in the seec1

results in a higher channel density. Also, there is an in-

dication that a seed prepared from any other growth region

in the crystal, other than the pure Z region, results in

excessively high channel density.

To date, only one run in this prmp (CC6) hns been

analyzed for the uptake of impurities. These data are shown

in Table 17. Substantially low total ppm levels were realized

in this run with reasonably low etch channel densities in the

crystals grown from seeds etched for ten minutes in anyonium

hifluoride. n fact, the total imnurity level is only a factor

of two greater than that found in run rC7 which utilized con-

verted nutrient.

To summarize the more important results of Tables 12

through 17:

() Low or high p seeds do not result necessarily in

low or high p,

(2) There is no advantage in employinp seeds cut rrom

electrically swept quartz, as far as p is concerned,

(3) Etching seeds for ten minutes at room temperature is

beneficial with respect to n and r, for the as-prow"

crystal,

(4) Ammonium bifluoride appears to be the best free etch-

ant, to date, for seed Dreparation,

21
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(5) rxtended seed etchinp times degrades the as-grown

iquartz with resnect to 0,

(6) Strained seeds result in greatly increased etch

channel densities in the as-growm stone,

(7) Pelatively low ppm crystals can be proun in a

large size production vessel with cultured nuartz

nutrient.

The Inst group of run. to be analyzed for the first

year's investigation in this initial phase of this nrogram

are those runs emploving NalCO3 as the minerali.er. To date,

three runs have been completed but, complete data are avail-

able only on the first two ((Cl and GCS). CC] was essentially

a replica of run CC5 which utilized NaOll as the mineralizer.

That is, this run was an attempt to determine the effect of

seed preparation techniques on etch channel density by erploy-

ing a wide quality of seeds. The data gathered from the

analyses of crystals grown in this run are shown in Table 18.

This was the first attempt to grow large pure 7 quartz crvstals

for this program. The data listed in Table IF again indicate

that the arrmoniim bifluoride etchant for the seeds yielded

crystals which, on the average, possessed a low: etch channel

density. We have also discovered that the carbonate mineral-

i.zer is much) ,,ore sensitive- to temperature changes than the

hydroxide mineralizer for large pure 7 crystal rrowth. This

is evidenced by the lower 0 values listed for the crystals

analyzed. Run CC8 employed the same seed quality used in runs

2



CC6 through CClI. In this run both strained and iinstrained

seeds were employed in order to determine the effect of strain

in the carbonate mineralizer. A comparlson of the data

collected on the crystals analyzed in this run are listed in

Table 19. A significant improvement in Q was realized by

changing the thermal programming procedure as compared-to CCl.

Also, additional data gathered in this run show that strained

seeds do result in a siFnificantly higher channel density in

the grown crystal than do unstrained or clear seeds. It also

appears that growth on strained seeds result in a lower Q

crystal. One piece of datum gathered in this run that did not

fit the results gathered in the hydroxide system wes the low

p measured on the crystal grown from the seed etched in the

480o 11F + 40% ammonium fluoride solution. Previous data indi-

.cated that a higher channel density should have been obtained.

More data will he gathered from run CC12 witb respect to this

etchant solution. A comparison of impurity levels in crystals

grown from strained and clear seeds was also done and these

data are listed in Table 20. F-om these data it appears that

a crystal grown from a strained seed has a tendencv to incor-

porate more impurities than a crystal prowm from an unstrained

seed. If one compares the impurity levels in the crystal

grown from the clear seed with the impuritv levels found in a

crystal Frown from a clear see( in a hydroxide mineralizer run

(Table 17), there appears to be a dirference in the total in-

purity levels found in the crystols. A lower total ppm level
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was found in the hydroxide grown crvstals. Vhether or not

* this is always the case cannot be stated vet. 'ore data must

be gathered from crystals grown from similarly prepared seeds,

as well as, crystals which exhibit the saie Q and p levels.

The final test, as to whether or not crystals of a cer-

tain purity level ard ( value are acceptable, is the performance

of blanks fabricated from these crystals. .umbered bars havA,

been cut from crystals prown in the runs listed in this report

and have been submitted for blank fabrication. The blank

specifications and the runs from which the lumbered bars were

fabricated are listed in Table 21. The table is divided into

four rows. All items listed in the first row (through (.C4)

have resulted in delivered blanks and the doubly-rol-ated blanks

were fabricated from electrically swept material. Lumbered

bars have been submitted for all the remaining rows but no

blanks have yet to be received. The delivery of these blanks

should be near the end of fav, 1(P3. All other runs (rC12 and

thereafter) will result in the submission of only electrically

swept lumbered bars for blan fabrication. The submissions

prior to CC12 served for the formation of a blank data base

for this program with vhich future submissions could be com-

pared.

24
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IV. SUMAPY AND CONCLUSIONS

The purpose of this Program is twofold, that is, the

development of a manufacturing method for the growth of low

aluminum content a-quartz capable of operation in a hiph

radiation environment and the development of a method .for

the production of low etch channel density quart., capable of

being fabricated by photolithographic means. To date, progress

has been made toward both goals.

Relatively low impurity a-quartz has been grown from

the hydroxide mineralizer system with the use of three types

of nutrient: converted, special cultured and cultured. The

converted nutrient resulted in the growth of a-quartz with a

total impurity content of 2.6 ppm and 0.5 pnm Al. The special

and the cultured nutrient supplies resulted in the prowth of

crystals with total impurity levels of P.7 ppm and 5.4 ppm

respectively and aluminum levels of 1.7 ppm and 2.1 ppm. The

O values, as determined by the Infrared method described

earlier, ranped from 2.5x10 6 to l.9x106 In these samples.

To reduce further these impurity levels, runs are now

beinF conducted with modified thermal programming procedures

and more careful cultured nutrient preparation and selection.

That is, the distribution coefficient of these impurities can

be lowered Further by propramminp chanpes and these changes

25



should also increase the ( value measured for the crystals.

It may he necessary to employ an inert liner to reduce the

ipurity levels, say, to the 0.2 ppm range or less per im-

purity ion. This judgement will be made lased upon the

results obtained in the growth runs now in progress.

With respect to the reduction of etch channel densities

in the as-grown crystal, more investigations into seed prep-

aration techniques nre in nropress. Presently, a ten minute

etching of seeds by ammuonium bifluoride seems to result in a

channel density of approyrmntely 135cm 2  The goal is to

reduce this value to below 50cm -2 in the as-grown crystal.

In order to reach this goal seeds are being cut from seed

crystals with various finishes and these seeds are being sub-

jected to free and insitu etching procedures utilizing

primarily the 4' . HF + 40% NH4F etching solution at elevated

• ""temperatures. These results wil.l then be compared to the

results already obtained and a decision then will be made on

the final seed preparation direction to pursue.
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TABLE 1

COMPARISON OF IMPUIRITY LEVELS IN NUTRIENT SOPTRrE5

(PPf hy 17vight)

Source Li Na V Al Fe Total

Natural 2.5 10.0 3.4i 21.0 2.7 39.6

Cultured 1.3 8.3 0.5 6.0 0.5 16.6

Special 0.8 5.6 0.5 3.8 1.2 1l.q

Converted 2.R 890 0.5 3.9 2.5 899.7
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TABLE 2

TYPICAL INPURITY LEVELS FOUND IN RFACENT CRADE MINERALTZEFS

Mineralizer K Al Fe Total rPpM

Na2CO3 (CGd) 0.7 0.5 0.5 1.7

NaOH (GC4) 1.6 0.5 0.5 2.6

NaOH (GC5) 0.7 0.5 0.5 1.7
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TABLE 3

VARIATION OF p WIThIN A STONE AND BETWAEEN

STONES CROWN IN TOP AND BOTTOM~ TIEPS IN A RUN

-2Position p (cm)

Top Test #1 715

Top Test #2 610

Top Test 113 649

Top Test 11472

Top Test #5 701.

Top Test 116 867

Top Test 117 620

Tlop Test #8 565

Top Test f,9 681

Bottom Test fl 704

* . (Top Test) - Of2cn'-

S =87cm -
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TABLE 4

COMPARISON OF ETflI CliANNFL DENSITY AS A

FUNCTION OF THE NW1~BER OF 'AT' SAM~PLE'S ETCEFP

Number 4 8 15

-- 2

Stone A 270+76cm- 280+21cmn2  281+39cmtn2

,-2

Stone R 233+29cm- 242+28cm" 2  275+24cri& 2

dStone C 165+59cm- 153+ 9cm- 2 410 c- 2

<.3
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TABLF 5

STANDA1RDTZATION OF ETCHINC. TECFNIQUE

SOLIJTION: 24.0 Molal NP4 HiF2

ETCH TINE: 2 Hours

ETCH TEMPERATURE: 7 0C+C

SAMPLES PER LOAD: 4 to 8

SOLUTION VOLUVE: 0.5 Liters
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TABLE 11

COMPARISON OF RELATIVE DISTRIBUTION COEFFICIENTS

OF I1MPURITIES IN EXYPEIENTAL AUTOCLAVE RUNS

Run# ki kN k kl kF

GC4 0.4 0.4 1.6 0.6 1.8

Gc1o 0.9 0.4 1.0 0.4 2.8

GC7 0.2 ).0 1.0 0.2 n.2
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TABLE 12

COMPARISON OF CRITICAL DATA AMONG CRYSTALS CROWN IN rC5

Seed Seed Q Seed p Seed Ftch Crystal O Crystal p

Type (x106) (cm-2) Etch Time (x106 ) (cm-2 )

Swept 2.2 <5 ABF 5 2.3 346

Reg. 2.3 400 ABF 5 2.2 258

Reg. 2.4 231 ABF 60 2.1 349

Reg. 2.3 400 HF 5 2.2 335

.45
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TABLE 13

COMPARISON OF GROWTH RATE, AND p AS A

FUNCTION OF SEED PREPAPATION CONDITIONS EMPLOYED IN r(C6

Etchinp Conditions P Pate p

(m/day) (xl06 ) (cm-2 )

o " 7.Om ABF - 5 mn. 0.822 1.952 159

487, HF - 5 mn. 0.787 1.938 225

487, HF + 407 AF - 5 min. 0.794 1.846 256

" 0.801 1. 912 213

S 0.018 0.n71 75

7.Om ABF - 10 min. 0.789 1.Q82 145

48% IF - 10 min. 0.798 1.990 179

48% ItF + 40%/ AF - 10 min. 0.795 1.925 254

. 0.794 1.967 193

S 0.131 n.156 61
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TABLE 14

COMPARISON OF GROWTH RATE, ? AND

AS A FtCTION OF ETCHANT IN CC6

Parameter/Etchant ABF 1F FFAF

! Rate (mm/dav) 0.805 0.792 0.795

S 0.021 0.01)8 0.016

. (xl06 ) 1.967 1.967 1.885

S 0.147 0.041 0 150

p (cm-2) 152 202 255

S 21 70 69

5.4

°
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TABLE 15

COMPARISON OF C-ROTrH RATE, i AND p AS A FUNCTION

OF SEED PREPAPATTON CONDITIONS IN CCq AND GC11

Etching Conditions ! Rate p Run No.

(mm/day) (xl0 6 ) (cm-2)

7.0 molal ABF - . min. 0.770 2.09 139

7.0 molal ABF - 15 min. 0.76]. 2.23 270

7.0 molal ABF - 30 min. 0.766 2.09 542
_C9

X 0.766 2.14 317

S 0.005 0.08 206

7.0 molal ABF - 15 min. 0.782 1.761 220
GCll

AF + 1F - Chem. Polish. 0.787 1.840 30/
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TABLE 16

COMPARISON OF CROWTH RATE, ?~AND

p AS A FUTNCTION OF SEED CONDTION

Seed Condition 7 'Rate p

(vm/day) (x10) (cnr2)

No Strain - Pure Z 0.802 1.997 152

Strain - Pure Z 0.851 1.400 352

Strain - Z Seed Cut From +7 0.721 2.566 1652
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TABLE 17

COM PARISON OF IM4PURITY LEVELS IN AS-GROWN CRYSTALS

WqTIT PESPECT TO CPTTTCAL PARAVFTE.S IN OC6

Seed Crystal )Crystal p Li Na K Al Fe Total

*Prep. (x10 6) (cm-2) (PPM1 by weight)

ABF -5' 1.908 1350. 1. 05 3305 6.

-HF + AF -5' 1.908 322 0.6 1.1 0.5 2.) 1.1 5.6
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TABLE 18

COMPARISON OF CRITICAL DATA AMONC CRYSTALS GROWN IN GCC

Seed Seed Q Seed p Crystal Q Crystal P
Prep. (x106 ) (cm-2 ) (xl06 ) (cn-2 )

ABF- 5' 1.80 169 1.50 158

HF- 5' 1.80 1.69 1.54 221

ABF - 5' 1.30 500 1.41 208

ABF - 5' 1.30 500 1.44 27R

,Q5
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TABLE 1q

COMPARISON OF CROWTH RATE, ? AND p AS A FUNCTION

OF SEED PREPARATION CONDITIONS EMPLOYED IN GC8

Etching Conditions Seed ! Rate p

Cond. (am/day) (x0 6 ) (cm - 2 )

HF + AF - 5 min. Strained 0.499 1.700 372

ABF - 5 min. Strained 0.489 1.500 352

HF + AF - 10 min. Clear 0.45q 2.00) 155

,F - 10 min. Clear 0.459 1.830 332

X-0.477 1.76f) 303

S ) .021 0.211 ion

5

.2'
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TABLE 20

COMPARISON OF IMPURPITY LEVELS IN CRYSTALS

CPOWN FROM SEEPS OF DTFFFRENT 0IIALTTY

Seed Crystal QCrystal p Li Ia K Al Fe Total

Cond. (x106)) (cm-2) (PPIR by weight)

Strained 1.700 372 6.9 11.0 0.5 23.0 9.0 50.4

Clear 1.810 185 1.4 7.1 n.5 4.2 0.6 13.8
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TABLE 21

TYPES OF BLANKS TO BE FABRICATED ON A RIUN BASIS

Run Nos. 0 Dia. Thickness
.v.(mm) (mm)

Ccl 21056' 340011 15 1.65

GC1 21 0561 340011 14 1.22

-Cl 21056 '  34001, 15 1.22

CCl 0 350 34' 15 1.65

"CI 0 350341 15 1.14

GC2 0 35034 '  15 1.65

CC 2 0 35034 '  15 1.14

CC, 0 35034 '  15 1.65

GC6, 0 350341 15 1.65

CC9, & 0 35034 '  15 1.14

CCl 0 35034 '  14 1.14

Cc6, 21056 '  340019 15 1.65

CCR, & 21056t 34001 '  15 1.22

CC9 21 56' 33°57' 1.5 1.93

21056 '  34001 '  14 1.22

" GC7 &
CC0 0

CICl0 21 56' 33050 '  6.35 0.22
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